Background: Infections due to Staphylococcus aureus have long been considered as a big challenge to clinicians. The innate ability of this microorganism to develop resistance to different antibiotics, has led to the appearance of MRSA (methicillin-resistant Staphylococcus aureus) and lately VRSA (vancomycin-resistant Staphylococcus aureus) strains, which are considered as major problems for both patients and clinicians. Objectives: In this study, we tried to evaluate susceptibility pattern of S. aureus isolates against some prevalent antibiotics as well as some infrequent ones. Results: Out of 238 samples, 5.88% were resistant to quinupristin-dalfopristin; 5.46% to linezolid; 60.92% to Co-trimoxazole; 31.93% to doxycycline; 18.90% to tigecycline; 5.04% to vancomycin; 9.24% to mupirocin; 43% to oxacillin and 46.21% of our isolates were resistant to cefoxitin. Conclusions: Coming across isolates with reduced susceptibility to quinupristin-dalfopristin and resistant to linezolid in this study are worrisome although these antibiotics are not used in our hospital. This might be a new challenge in the treatment of MRSA.
Background
Antibiotic resistance in pathogens is a worrisome phenomenon which today is seen with many available antibiotics. Among antibiotic resistant pathogens, methicillinresistant Staphylococcus aureus (MRSA) is of special interest (1), mainly due to its ability to cause both healthcare-associated and community-acquired infections, which may be fatal (2) . There are several antibiotics in different antibacterial classes available in the market with in vitro and in vivo activity against MRSA (3) . Among these, vancomycin was considered as the drug of choice for treatment of MRSA infections until recently (2, 4) . In the past decade, vancomycin-resistant strains of S. aureus have been reported from different parts of the world (5, 6) . This fact has raised concerns about the efficacy of vancomycin for treatment of infections caused by S. aureus in near future (7, 8) .
In the past decades, many anti-MRSA agents have been introduced to the market, including ceftobiprole, linezolid, tigecycline, daptomycin, dalbavancin and quinupristin-dalfopristin. Linezolid is one of these antibiotics with good anti-gram positive activity and is considered as a good alternative to vancomycin in the treatment of MRSA infections (2) . Quinupristin-dalfopristin is another antibiotic which is used in treatment of MRSA infections as an alternative to vancomycin; however, shortly after the introduction of this agent, reports confirmed the resistance development among S. aureus isolates (9).
Objectives
As mentioned above, there are limited number of antibiotics available which can be used to fight infections due to MRSA and other resistant pathogens. Thus, it is of great importance to evaluate the resistance against these antibiotics. To achieve this aim, we evaluated the antibiotic susceptibility pattern of S. aureus isolates collected from different wards of Imam Reza hospital of Mashhad, Iran.
Materials and Methods

Sample Isolation and Identification
This cross-sectional study was performed on 238 clinical samples collected from different wards of Imam Reza hospital of Mashhad between 2011 and 2012. All clinical samples which were sent to microbiology laboratory and identified as S. aureus by different standard biochemical tests including gram staining, catalase test, oxidase test, DNase and coagulase tests were included in this study. All samples which were collected from nostrils and other sites indicating colonization were excluded.
Evaluating the Antimicrobial Susceptibility
All the specimens were sub-cultured on blood agar and incubated for 24 hours. The isolates were then cultured on Mueller-Hinton agar and their antimicrobial susceptibility was evaluated by Kirby-Bauer disc diffusion method using the following antibiotic discs: quinupristin-dal- 
Adopting the Susceptibility Breakpoints
Since none of the available guidelines had susceptibility breakpoints for all antibiotics tested in this study, we used three different guidelines. We used the European Committee on Antimicrobial Susceptibility Testing (EUCAST) 2014 (v. 4) guidelines to define the resistance pattern to quinopristin-dalfopristin, linezolid and mupirocin and the Clinical and Laboratory Standard Institute (CLSI) 2012 guidelines (M100-S22) to delineate the susceptibility pattern to co-trimoxazole, doxycycline, tigecycline and oxacilin. To evaluate the resistance pattern of our isolates to vancomycin, we used CLSI 2007 guidelines.
Results
Our study showed that out of 238 S. aureus isolates, 221 were susceptible, 14 were resistant and 3 were intermediate to quinupristin-dalfopristin. 225 isolates were susceptible to linezolid; whereas, 13 were resistant. 22 out of 238 isolates were resistant to mupirocin and 39 were intermediately resistant.
145 isolates showed resistance to co-trimoxazole and 93 were susceptible. 76 isolates were resistant and 141 were susceptible to doxycycline and 21 isolates showed intermediate resistance. 193 samples were susceptible and 45 were resistant to tigecycline. 131 isolates were susceptible to oxacilin, while 103 were completely resistant and 4 were intermediate. Among our isolates, 110 isolates were resistant to cefoxitin, while 128 isolates were susceptible and 224 isolates were susceptible to vancomycin, while 14 showed resistance to it (Figure 1) .
In this study, all isolates which showed resistance to linezolid (14 isolates), were also resistant to Co-trimoxazole, doxycycline, tigecycline, vancomycin, oxacillin and cefoxitin. Cross-resistance to tested antibiotics is shown in Table 1 . 
Discussion
Today there is an imperative need for new antibiotics because pathogens are developing resistance against many available antibiotics in an exponential manner. MRSA is one of these pathogens which due to its high prevalence has become one of the main interests in developing new antibiotics (3) . A systematic review showed that almost 53% of S. aureus isolates reported from Iran until early 2012 were mecA positive MRSA (10) . In this study we found that 46% of our isolates were resistant to cefoxitin. This rate is almost similar to the prevalence of MRSA in other parts of Iran, although our isolates need to be confirmed as MRSA by detection of the mecA gene.
In the past decades many antibiotics with anti-MRSA activity were introduced to the market, some of which are available in Iran. Linezolid is among these agents which is not widely available and it is not in use in many Iranian hospitals including ours. Despite the mentioned fact, 5.6% of isolates in our study were resistant to linezolid which is worrisome. Garcia et al. have reported the first clinical outbreak of linezolid resistant S. aureus (LRSA) from a tertiary teaching university hospital in Madrid, Spain (11) . In their article they reported 12 patients with LRSA from which 6 patients died (with one death ascribed to LRSA infection). They also stated that this outbreak was associated with nosocomial transmission and extensive use of this antibiotic. Gu et al. in their systematic review have reported that until early 2012, more than 98% of staphylococci were susceptible to linezolid worldwide; they identified resistance in 0.05% Staphylococcus aureus isolates and in 1.4% of coagulase-negative staphylococci (12) .
In a Study performed by Ruzbahani et al. 70% of their isolates were MRSA which were confirmed by PCR (13) . They have reported that all of the MRSA isolates were susceptible to vancomycin; however, 100% of them were resistant to oxacilin and 34% to co-trimoxazole. In our study 60% of our isolates were resistant to co-trimoxazole which is high compared to the aforementioned study. This is noteworthy considering the fact that in our study 56% of the isolates were methicillin-susceptible, which may suggest that a great amount of S. aureus isolates develop resistance to co-timoxazole, even though they are susceptible to methicillin.
Shahsavan et al. in their inquiry which was performed in 2012, have reported that 58.8% of their S. aureus isolates were resistant to methicillin and 40% were resistant to mupirocin (14) . The rate of mupirocin resistance in our study was lower (i.e. 9.20%). Contrary to our findings, in inquiries performed by Dibah et al. (15) and Rahimi et al. (16) all isolates were susceptible to linezolid, mupirocin and quinupristin-dalfopristin. Our results showed that 93.6% of our isolates were susceptible to quinupristin-dalfopristin. In a report from Taiwan published in 2000, the authors found that 31% of their MRSA isolates were resistant to quinupristin-dalfopristin, despite the fact that at the time of their study, this antibiotic was not available in Taiwan (17) . Although 6.4% of our isolates were resistant to quinupristin-dalfopristin by disc diffusion method, the resistance should be confirmed by evaluating minimum inhibitory concentration (MIC) as suggested by Kali et al. (18) .
In a recent study performed in Tehran, 28.3% of MRSA isolates were resistant to doxycycline and trimethoprim (19) . Similarly in our study we found that 31.6% of our isolates were resistant to doxycycline and also 9.6% showed intermediate resistance to this antibiotic.
Tigecycline is another novel antibiotic which many authors believe to be an effective alternative to vancomycin for infections due to MRSA (20, 21) . Tigecycline resistance among staphylococci has been rarely reported in the literature (22) . Despite the aforementioned fact, in our study 18 .40% of isolates showed resistance to tigecycline which should be confirmed with other methods.
According to what discussed before, developing resistance among staphylococci to different types of antibiotics is a worldwide issue. Coming across isolates with reduced susceptibility to quinupristin-dalfopristin and resistant to linezolid and tigecycline in this study raise concern although these antibiotics are not used in our hospital. This mandates more detailed studies evaluating the resistance pattern of S. aureus isolates especially to the newly marketed antibiotics and indicates the importance of designing concrete infection control policies.
